This is a discussion of the main branching fractions of B Meson decays (b → cW − ).
Introduction
The Υ family of mesons was discovered at Fermilab [1] in 1977 . At that time, purely by coincidence the CESR storage ring had been designed and was under construction. Construction of the CLEO-I detector had also begun. In 1978, the existence of the Υ(1S) and Υ(2S) resonances were confirmed at the DORIS storage ring of DESY [2] , and from their measurement of the e + e − → Υ(1S) crossection, it became clear that the Υ resonances are best described as bb quark pairs, not tt. CESR began operation at the end of 1979. The CLEO (and CUSB) Collaborations began data taking. In 1980, CLEO (and CUSB) published observation of the Υ(1S), Υ(2S), Υ(3S) [3] , and the Υ(4S) [4] . The Υ(4S), is a much wider resonance and is believed to decay exclusively to BB mesons. Over the next six to eight years, many general properties of B meson decay were measured at DORIS and CESR. In 1988, CESR shut down and the CLEO-I detector was replaced by the CLEO-II detector. The new CLEO-II detector consists of a better resolution tracking system and electromagnetic calorimeter. Figure 1 is an illustration of the CLEO-II detector. Our understanding of the B meson decay has continued to improve with the CLEO-II detector, but today we only understand approximately 50% of the B decays. This paper is a description of the status of our understanding today compared with the Particle Data Group review published in 1996.
Understanding of B Meson Decay in 1996
In the 1996 Review of Particle Physics [5] , the Particle Data Group provided a long detailed summary of what is known about the B meson branching fractions, and life times. Most of the information they reported on the B meson branching fractions came from publications of the ARGUS Collaboration at DESY and publications of CLEO at Cornell. A summary of the "largest" B meson branching fractions listed in the 1996 Review of Particle Physics is given in Table 1 . In the Standard Model, the b quark decays under the weak interaction to the c or u quark. From early experiments, it was evident that the b → u interaction is more than an order of magnitude weaker than the b → c (See for example the b → ulν and the B → X c lν branching fractions listed in Table 1 .). B meson decays are usually described by the diagrams shown in figure 2 (Since the main decays are to c quarks, the diagrams shown in figure 2 do not include the b → u transitions.). The first set of branching fractions in Table 1 are the semileptonic decay modes. These are the simplest decay modes to describe. They all proceed via the tree diagram. The listed branching fractions, for example Br(B → Xlν) = (10.4 ± 0.4)%, is supposed to represent the branching fraction for l = e or l = µ. The total semileptonic branching fraction includes B → Xeν, B → Xµν, and B → Xτ ν. The branching fraction to electons and muons are expected to be very close to identical. However, the branching fraction to τ leptons, which have never been measured, are expected to be only 0.3 as large, because of the large τ mass (The factor 0.3 comes from the phase space). The sum over electron, muon and tau semileptonic decay is 2.3 × (10.4 ± 0.4) = (23.9 ± 0.9)%.
The second group of branching fractions in Table 1 
The inclusive decay of B mesons toD mesons in Table 1 add up to (82.2 ± 6.0)%. These include the D mesons coming from semileptonic decay of the B mesons. Most of the rest of B meson decays are into Charmonium or Charm-Baryons. Adding the 1.14 ± 0.06 and the 6.4 ± 1.1 to the 82.2 ± 6.0%, one has accounted for (89.7 ± 6.1)% of B meson decays.
Inclusive B Meson Decay Branching Fractions
During the past few years, CLEO has made many remeasurements of inclusive branching fractions in B meson decay. The most recent CLEO measurements on the inclusive branching fractions are listed in Table 2 . These results are generally consistent but a little more accurate than those shown in Table 1 . The separate measurement of semileptonic decays of B + and B o mesons was first made via full reconstruction of theB meson hadronic decay in the event then examining how often there was a lepton coming from the remaining B meson decay [6] . Although this method was very clear and simple, it was statistically limited by the small sample of fully reconstructed B (orB) mesons. The results listed in Table 2 were obtained by partial reconstruction ofB
, detecting only the lepton and the
. Having collected a very large sample of partially reconstructed B o s and measuring how often there is also a lepton amongst the leftover tracks coming from the other B meson decay, the semileptonic branching fraction of the B o was determined. To obtain the B − → X o l − ν branching fraction, the result of this analysis was then combined with a previous analysis [13] in which the semileptonic branching fraction averaged over charged and neutral B mesons was measured. The result indicates the B o branching fraction is 0.53% larger than the B + , which is indicates the B o lifetime is 0.53% longer than the B + . However, the uncertainty is large enough so that the branching fractions could be equal.
The inclusive decays to D mesons in table 2 are the result of observing how often it was possible to reconstruct a
) and how often it was possible to reconstruct Table 2 , one sees that 90% of the D mesons from B decay come from the c quark that originates from the b → cW − transition and 10% come from the W boson.
The B → XD s inclusive branching fractions were measured by studying the number of D s mesons and their momentum spectrum at the Υ(4S) No attempt was made to tag the flavor of the B meson or its charge. From the D s momentum spectrum it was concluded that the D s is almost always coming from the W boson. To obtain the branching fraction, 12.11%, it was assumed that the B + and B o branching fraction to D s are the same. This value is significantly larger than the 1996 PDG value (see Table 1 
Inclusive B → Charmonium Decays B → ΨX =B → ΨX 1.12 ± 0.04 ± 0.06
B → Charmonium (total) produce η mesons directly. η mesons are often described as partly an ss resonance, but this 12.3% branching fraction is much larger than the incusive Br(B → φX) = (3.5±0.7)% [5] .
Exclusive B Meson Decay Branching Fractions
The sum of all the exclusive branching fractions listed in Table 1 Table  1 have been remeasured. The new CLEO results for these and a few others are given in Table 3 Table 1 , i.e., only ∼ 25% of the b → ulν is understood. Summary-What Fraction of B Meson Decays are "Understood"
Theoretically, the Semileptonic decays of B mesons are the easiest to understand, because there is only one hadronic vertex. Originally [25] , the semileptonic branching fraction was estimated to be approximately 16%. After independent measurements at DORIS, CESR, and LEP, we find the branching fraction is significantly smaller. The generic average of the CLEO measurements gives the inclusive branching fraction, Br(B → Xlν) = (10.5 ± 0.89)%.
Although using QCD corrections, theorists have recently suggested the B semileptonic branching fraction could be as low as 12%, the CLEO result is a theoretical challenge. Furthermore, only a fraction of the of the hadronic content of the semileptonic decays have been measured. Summing over the measured charm hadronic states, one has 
(This was calculated from the numbers in Table 3 , averaging over B + and B o .) Putting the above numbers together, the inclusive B → DX decays are "understood" at the level, CLEO has recently made many measurements of rare decays (and upper limits of rare decays) [14] . However, the total sum of the measured modes and the upper limits on rare B decay branching fractions is less than 2 × 10 −3 , so there is no need to includes these at this time. The conclusion is one must invent non-rare decay modes and look for them.
